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Supplementary Information
The non-Gaussian parameter α 2 is a measure of dynamic heterogeneity (DH), and the peak position of α 2 , as found in Fig. 8a of the text, represents a characteristic time t * of the DH.
Previous works on glass-forming liquids 1, 2 and superheated crystals 3 have shown that t* can be interpreted as a diffusive relaxation time. In three dimensions, α 2 is defined in terms of powers of the mean-square atomic displacement,
and this quantity is defined to equal zero for Brownian motion. The non-Gaussian parameter can also be defined in terms of a 4-point velocity function that measures fluctuations in the mobility. 4, 5 The van Hove function G s (r, t) is defined by the probability that a particle has moved a distance r in time ∆t the moments in (S1) are determined from this quantity. Formally, G s (r, t * )
is defined as,
and Figure 8b shows that G s (r, t) peaks at successive nearest neighbour distances, a phenomenon that indicates a "hopping" motion of some of the atoms. These features in G s (r, t) allow us to distinguish different kinds of atomic motions that contribute to G s (r, t). The minimum in G between the maxima in G at 0.43 r o (see Fig. 8b ) defines a well-defined cut-off scale for defining mobile particles and this scale arises in the quantification of the collective motion.
Cooperative particle dynamics is one of the most characteristic features of the dynamics of glass-forming fluids. [6] [7] [8] As a first step in identifying collective particle motion, we must identify the 'mobile' atoms in the system. 6 In glass-forming liquids, the 'mobile' atoms are defined by comparing the self-part of the van Hove correlation function G s (r) to an ideal uncorrelated liquid exhibiting Brownian motion where G s (r) reduces to a simple Gaussian function by the central limit theorem. The interacting fluid G s (r) has a long tail at large distances r, pointing to the existence of particles of relatively high mobility in the interacting particle system. A comparison of this kind generally to a crossing of the interacting and non-interacting G s (r) curves, and the mobile particles are then naturally defined as those atoms whose displacement exceeds the crossing point distance after a characteristic diffusive decorrelation time ∆t. However, in the GB regions of a polycrystalline material or on the NP surfaces, the van Hove correlation function is no longer a single-peaked function, but rather has multiple peaks centering at successive nearestneighbour distances. We then conclude from our observation of a multiple peaked G s (r) that the surface of the NPs is something like a polycrystalline material constrained to the surface of a spherical shell. Since 'mobile' atoms are essentially those particles moving a distance r(t) larger than the typical amplitude of an atomic vibration after a decorrelation time ∆t, but smaller than a particular distance, we mathematically identify these particles by a threshold atomic displacement condition, ar 0 < r i ∆t ( ) − r i 0 ( ) < br 0 , involving the bulk interatomic spacing r 0 , and coefficients a and b can be determined from the van Hove correlation function.
The identification of correlated atom motion requires a consideration of the relative displacement of particles. Collective atom motion means that the spatial relation between the atoms is preserved to some degree as the atoms move. Specifically, the reference mobile atoms i and j are considered to be within a collective atom displacement string if they remain in each other's neighborhood and we specify this proximity relationship by,
. Atomistic simulations of glass-forming liquids indicate that the distribution of string lengths P(n) is an approximately exponential function of n,
although our P(n) estimates for the small nm are rather noisy because of the relatively small sampling statistics for the strings found in our simulations. Figure S1 shows the distribution of string lengths at ∆t = t * , where the non-Gaussian parameter exhibits a maximum, at different reduced temperatures for a N = 55 NP. The average string length <n> is simply determined from the slopes in Figure S1 .Although the data for the average strength length is again noisy, there is a general trend for the average string length to grow upon cooling as in glass-forming liquids 6 and the grain boundaries of crystals. 9 Following Starr et al. 10 and the more recent work of Larini et al., 11 we define the 'Debye-Waller factor' (DWF) as the mean square atomic displacement <r 2 > after a particular decorrelation time t 0 characterizing the crossover from ballistic to caged atom motion. In GF liquids, <r 2 > exhibits a plateau after the time t 0 that persists up to the structural relaxation time of the fluid τ (normally a time many orders of magnitude larger than t 0 ) and the magnitude of this plateau defines the size of the 'cage' in which particles are transiently localized by their neighbours. The <r 2 > for the NP interfacial dynamics, as in the case of GF liquids, becomes essentially a constant over a wide range of times t 0 < t < τ, where τ is on the order of minutes for T ≈ T g so that any measurement method in this time range yields essentially the same plateau value <r 2 (t 0 )> ≈ <u 2 >, provided the system is in a low T regime where the cage is welldeveloped.
